Bacteria-based controlled assembly of metal chalcogenide hollow nanostructures with enhanced light-harvesting and photocatalytic properties.
Herein, a general bottom-up approach is proposed for the controlled assembly of metal chalcogenide nanoparticles into biomorphic porous hollow nanostructures by a sonochemical method using bacteria as morph-biotemplates. Biomorphic PbS and ZnS hollow nanostructures have been successfully synthesized with two species of bacteria cocci and bacillus as morph-templates. The biomorphic hollow assemblies possess shape-controllable, size-tunable and shell-thickness-adjustable characteristics. Thus, the structure and morphology of the hollow assemblies may be varied in a controllable way to tailor their properties over a broad range. A preliminary study on the light-harvesting properties of PbS and ZnS hollow spheres revealed that the hollow and porous structure is clearly far more favorable for the absorption of light than solid counterparts, which accounts for both multiple scattering effects at the large voids (hollow cavities) and Rayleigh scattering by nanovoids of the exterior shells. Furthermore, photocatalytic studies of ZnS nanostructures by degradation of acid fuchsine under solar irradiation have proved that the hollow structures possess superior photocatalytic activity to the corresponding solid counterparts. This versatile approach provides an effective route for the further extensive study of the distinct properties imparted by hollow nanostructures and extends their application potentials in photocatalysis and solar energy storage/conversion.